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What are Surrogates?

» Use of Charged Particle Reactions to Simulate Neutron
Induced Reactions

Why Surrogates?
* Neutron Measurements are Always Difficult
e Low Beam Intensities Require Thick Targets
» Radioactive Materials € Thick Targets
 Reactions on Off Stability Species Needed
- Astrophysics
- National Security Programs

- Nuclear Waste Transmutation
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THERE ARE THREE ASPECTS TO THE PROGRAM DESIGMED
TO MEET OUR REQUIREMENTS,

THE MEASUREMENT OF FAST NEUTRON (14-15 MgV)
CROSS SECTIONS ON RADIOACTIVE TARGETS.

TO SIMULATE w,k, w,p, anD N, @ CROSS SECTIONS

THE USE OF CHARGED PARTICLE DIRECT REACTION TECHNIOQUES }
ON EXOTIC NUCLEIL.

NUCLEAR MODEL CALCULATIONS WHICH INCORPORATE
MANY FACETS OF NUCLEAR DATA FEASURED ON STABLE
ISOTOPES, THE MODEL IS USED TO CALCULATE NUCLEAR
REACTION PROPERTIES OF NON-STABLE ISOTOPES AND
PREDICTIONS ARE MODIFIED BY THE EXPERIMENTAL DATA
OBTAINED ABOVE IN AN INTERACTIVE PROCESS.
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REPRINTED FROM NBS SP 425 Volumes | and Il

Nuclear Cross Sections and Technology

Proceédings of a Conference
Washington, D.C.
March 3-7, 1975




(n,f) CROSS SECTIONS FOR EXOTIC ACTINIBES.

J. 8. Nilhelny, K. . Britt, A. Gaveon, £, Konecny,
and J. Heber
University of California, Los Alamos Sclentific Laboratory
Los Alamos, N, M. 87544

ABSTRACT

geutron 1nduc§d fission cross sections have been obtained for 26 actinide nuclef us-

ing ("He,df) and ("He,tf) reactions to determine fission probabilities and then multiply-
fng these values by calculated compound nuclear neutron reaction cross sections. Compar-
ison with existing(n,f)data shows this to be a feasible approach for obtaining relfable

estinates for [n,f]cross sections where direct m - ‘Theoretical
developments in interpreting fission probability measurements are discussed. ‘
NCLERR REACTINS Nessured 20 Epy, 01080y D3T3 207,008, 200243,

180, B8 ing Cheaf), Chetr), €= threstold - i et et .




NUCLEAR SCIENCE AND ENGINEERING: 72, 222-229 (1979)

Simulated (n,f) Cross Sections for
Exotic Actinide Nuclei

H. C. Britt and J. B. Wilhelmy

University of California, Los Alamos Scientific Laboratory
' P.0O. Box 1663, Los Alamos, New Mexico 87545

Received March 12, 1979
Accepted June 14, 1979

Simulated (n.f) cross sections for Ey, = 0.5 to 6 MeV are estimated from fission proba-
bilities obtained in (*He,df) and (*He,tf) studies. Cross sections are presented for 34 isotopes
of protactinium, uranium, neptunium, plutonium, americium, curium, berkelium, and
einsteinium. Results are compared to direct (n,f) measurements for five cases.
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Experimental Configuration
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(n,f) Surrogate Egn

Un,f(En) = 3.1 Pr(E, + B,)b’



RELATIVE

T, Distributions
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NEUTRON CROSS SECTION (b)
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Table I

'Neutron t - Max Energy Compound
Target' 1/2 Neutron (MeV) Nucleus
Pa 1.4 d 5.2 230Pa
230 237
231Pa 17.4 d a 3.7 232Pa
Pa 3.25 x 10" ¥y 6.3 Pa
232 233
Pa 1.32 d 4.4 Pa
230 231
U 20.8 d 7.0 U
231 232
Np —> 14.7 m 3.0 Np
233 234
Np 36 m 3.9 Np
234 235
Np 4.4 d 6.2 Np
235 236
Np 396. d 6.6 a7 NP
236 6 37
237Np 1.3 x 106 y 4.3 238Np
Np —» 2.1 x 107 ¥ 7.7 Np
238 239
Np 2.12 d 5.2 Np
236 237
Pu 2.85 y 7.2 Pu
237 238
Pu 45.6 d 5.6 Pu
238 239
Am 1.63 h 5.1 Am
239 240
Am 11.9 h 5.5 Am
240 241
241Am 51. h 3.9 242Am
242Am 433. y 6.8 243Am
240Am 152. ¥y 4.6 241Am
Cm 26.8 d 6.2 Cm
241 242
Cm 36. d 4.6 Cm
242 243
Cm 163. d 7.1 Cm
243 244
247Cm 28. Y3 5.3 248Cm
Bk 18. h 4.2 Bk



Study of the Feasibility of Simulating (n,a) and (n,p)

Cross Sections with Charged Particle Direct Reaction Techniques

" Progress Report

Program Code - W 223

‘H. C. Britt and J. B. Wilhelmy

November 15, 1976
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INb* Energy Windows
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2Mo(t,a)p Angular Dependence
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Exp. Setup for p+n Measurements
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1Zr+p — Nb* —n+p
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1Zr+p — Nb* —n+p
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“Future Plans’ circa 1978

@ FUTURE PLANS

®  RADIOACTIVE TARGET EXPERIMENTS

1. 107p 88y (w,20)87M.6y E, = 14,1 MEV
2. 930 1687(u, 201677y E, = 14.8 MEV
3. 930 %%y (w200 1%8g, E, = 14.8 MEV

®  OTHER RELATED EXPERIMENTS FOR MODEL VERIFICATION
4, SEPARATED 1SOTOPE 1%4se (n,2w) 1435y E, = 14.8 MEV

(n, #) 184y, E, = 14.8 MEV

5. SEPARATED 1SOTOPE 87sace,m87y Er = 2.7 MEV
(», 205y E, = 14,65 MEV

6. SEPARATED ISOTOPE S8sa(p,n)88y E, = 4.45 MEV
(v, 20087y E, = 13.93 MEV

EXISTING DATA FOR REACTION Sa.




Surrogates in the 21st Century

« Simple Reactions on Exotic Targets
— Astrophysics
— National Nuclear Security
— Transmutation
e RIA
— Inverse kinematics with radioactive beams
— Gastargets (H,D,T,°He,*He,...)
— “4n” detectors (charged particles, neutrons, gammas)



Physics Needs

 Modeling/Theory
— Angular Momentum Modeling
— Preequilibrium - Reaction Dependent
— Breakup Effects (especially on D)

e Experimental

nverse kinematics on few body targets
Develop counter arrays for RIA

Preequilibrium angular momentum effects



